Short or Irregular Sleep Duration in Early Childhood Increases Risk of Injury for Primary School-Age Children: A Nationwide Longitudinal Birth Cohort in Japan by Obara, Takafumi et al.




Short or Irregular Sleep Duration in Early Childhood Increases
Risk of Injury for Primary School-Age Children: A Nationwide
Longitudinal Birth Cohort in Japan
Takafumi Obara 1 , Hiromichi Naito 1,*, Kohei Tsukahara 1, Naomi Matsumoto 2 , Hirotsugu Yamamoto 1,
Takashi Yorifuji 2 and Atsunori Nakao 1


Citation: Obara, T.; Naito, H.;
Tsukahara, K.; Matsumoto, N.;
Yamamoto, H.; Yorifuji, T.; Nakao, A.
Short or Irregular Sleep Duration in
Early Childhood Increases Risk of
Injury for Primary School-Age
Children: A Nationwide
Longitudinal Birth Cohort in Japan.
Int. J. Environ. Res. Public Health 2021,
18, 9512. https://doi.org/10.3390/
ijerph18189512
Academic Editor: Paul B. Tchounwou
Received: 1 August 2021
Accepted: 6 September 2021
Published: 9 September 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Department of Emergency, Critical Care, and Disaster Medicine, Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences, 2-5-1, Shikata, Okayama 700-8558, Japan;
tkfmobr16@okayama-u.ac.jp (T.O.); hei.trp@gmail.com (K.T.); hiro117_30@hotmail.com (H.Y.);
qq-nakao@okayama-u.ac.jp (A.N.)
2 Department of Epidemiology, Okayama University Graduate School of Medicine, Dentistry, and
Pharmaceutical Sciences, 2-5-1, Shikata, Okayama 700-8558, Japan; naomi.f@nifty.com (N.M.);
yorichan@md.okayama-u.ac.jp (T.Y.)
* Correspondence: naito-hiromichi@s.okayama-u.ac.jp; Tel.: +81-86-235-7427; Fax: +81-86-235-7427
Abstract: The aim of this study was to investigate the longitudinal relationship between shorter
or irregular sleep duration (SD) in early childhood and increased risk of injury at primary school
age using data from a nationwide survey in Japan. We categorized SD into seven groups: 6 h, 7 h,
8 h, 9 hrs, 10 or 11 h, >12 h, and irregular, based on questionnaire responses collected at 5.5 years
old. The relationship between SD and incidence of injury at 5.5–nine years of age is shown. In
addition, we completed a stratified analysis on children with or without problematic behavior at
eight years old. We included 32,044 children, of which 6369 were classified as having an injury
and 25,675 as not having an injury. Logistic regression model showed that shorter or irregular SD
categories were associated with an increased adjusted odds ratio (aOR) for injuries (6 h: aOR 1.40,
95% confidence interval (CI) 1.19–1.66, 7 h: aOR 1.10, 95% CI, 0.98–1.23, 8 h: aOR 1.13, 95% CI,
1.02–1.26, irregular: aOR 1.26, 95% CI 1.10–1.43). The same tendency was observed with shorter or
irregular SD in subgroups with or without behavioral problems. Shorter or irregular sleep habits
during early childhood are associated with injury during primary school age.
Keywords: sleep habits; trauma; problematic behavior; longitudinal study
1. Introduction
Short or irregular sleep causes decreased activity of the prefrontal cortex and con-
sequently inhibits concentration and behavioral and emotional control, leading to hy-
peractivity, depression, and poor communication [1,2]. In addition, insufficient sleep or
bedtime delay in adolescents and children is associated with a higher risk of poor aca-
demic performance due to early memory and cognitive decline [3–5]. Multiple cohort
studies also demonstrate that shorter sleep duration (SD) is associated with a higher risk of
overweight/obesity and hypertension, as well as migraine and tension-type headaches in
children and adolescents [6–9].
Previous studies have shown that insufficient/irregular sleep influences many factors,
including mental and physical condition, life, and behavioral problems in children and
adolescents [10–12]. Children with shorter SD are associated with more medically attended
injuries [13] and accidental falls [14]. Meanwhile, Owens et al. found no relationship be-
tween SD and injury risk [15]. The relationship between short or irregular SD in childhood
and risk of injury has not been fully elucidated due to various confounding factors involved
in studies on injury in children and the limited sample sizes of single-center, cross-sectional
studies [10].
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In this study, we investigated the longitudinal relationship between shorter or irregular
SD at 5.5 years of age and increased risk of injury in children during the primary school age
years (5.5–9 years old) using data from a longitudinal, large, population-based, nationwide
survey in Japan.
2. Materials and Methods
2.1. Participants
The Okayama University Ethics Committee approved this study (K1506-073) and
waived the requirement for written informed consent. Study results are presented accord-
ing to the STROBE guidelines for observational studies. This longitudinal study used
data from “Longitudinal Survey of Babies in the Twenty-first Century,” a large birth co-
hort study conducted by the Japanese Ministry of Health, Labor, and Welfare (MHLW).
The MHLW began conducting this survey annually in 2001, collecting data on children’s
health, developmental status, and family circumstances from families all over Japan [16–18].
The survey targeted all babies born in Japan from January 10–17 or July 10–17 in 2001.
When these babies reached six months old, the first surveys were randomly mailed to
53,573 families. Of these, guardians from 47,015 families originally competed and returned
the questionnaires, yielding an 88% response rate. Participating families received follow-up
questionnaires once every year. Birth records were also linked to each child’s survey data.
2.2. Sleep Duration (SD) and Irregular Sleep
SD was determined from responses to the optional questions “What time do you
usually get up?” and “What time do you usually go to bed?” in follow-up questionnaires
given at 5.5 years old. SD was divided into seven groups: 6 h, 7 h, 8 h, 9 h, 10 or 11 h, >12 h,
and irregular. Irregular sleep was defined as no regular bedtime and wakeup schedule
based on the responses from the returned questionnaires. The children with irregular sleep
got different amounts of sleep each night.
The National Sleep Foundation and the American Academy of Sleep Medicine recom-
mend that preschool-age children who are three to five years old get about 10–13 h of sleep
daily. At this age, naps may get shorter, or a preschooler may stop routine napping [19].
However, some studies have shown significant differences in bedtimes and total SD among
children from diverse regions [20]. In this study, “10 or 11 h” of SD at 5.5 years of age was
defined as the standard SD in accordance with the MHLW sleep guidelines.
2.3. Injury (Outcomes)
“Injury” was defined based on answers to questions regarding injuries incurred from
5.5 to nine years old: “During the past year, did you have any injury for which you received
treatment at the Hospitals, Clinics, or Other types of medical facilities?” The “Injury” group
was defined as having an injury at least once during the 3.5 years study period, which was
confirmed three times by the questionnaires. The “No Injury” group was defined according
to responses indicating no injury on the questionnaire.
2.4. Statistical Analysis
We first categorized SD into these seven groups: 6 h, 7 h, 8 h, 9 h, 10 or 11 h, >12 h,
and irregular. To study the effect of loss to follow-up, we compared baseline characteristics
among eligible children included in the analysis (from the seventh to ninth surveys) and
children lost to follow-up. After excluding those who lacked injury data, we investigated
the seven groups of different SDs and their association with the clinical characteristics and
outcomes using a descriptive analysis. We also compared baseline characteristics between
participants with and without injuries.
Continuous variables and ordinal variables are described using medians with in-
terquartile ranges; categorical variables are described using numbers and percentages. In
this study, we adjusted for the following socioeconomic and biological factors: gender;
term or preterm birth (<37 weeks of gestation); singleton or multiple; parity, including
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delivery of the child (one, two, ≥three); daycare attendance at 18 months old; maternal
age at delivery (<25, 25–29, 30–34, ≥35 years old); maternal smoking; maternal educational
attainment (university or higher (≥four years), junior college (two years), high school, or
other); family income at seven years old (<four, four–seven, seven–10, or >10 million yen);
and residential area (wards (district), cities, towns, or villages). Primary outcome was
having an injury at least once during the study period. We used logistic regression analysis
to examine the association between SD at 5.5 years old and the outcome. In the logistic
regression analysis, 10–11 h SD was set as the reference group. Results of the logistic
regression analyses were reported using the crude and adjusted odds ratio (OR) and 95%
confidence interval (CI) for each SD.
In addition, as a secondary outcome, we conducted a stratified analysis on children
with or without problematic behavior at the age of eight years old [21]. Problematic
behavior was defined based on whether answers to any of the following seven questions
in the eighth survey was “yes”: (a) attention problems: (1) interrupting people, (2) inability
to wait for their turn during play, and (3) failure to pay attention to surroundings when
crossing the street; or (b) delinquent/aggressive behaviors: (1) lying, (2) destroying toys
and/or books, (3) hurting other people, and (4) causing disturbances in public. Logistic
regression analysis was also used to examine adjusted OR (aOR) and 95% CI. The same
variables were used for adjustment.
All statistical analyses were performed with Stata version 15 statistical software (Stata-
Corp LP, College Station, TX, USA).
3. Results
3.1. Participant Characteristics
Figure 1 shows the study’s flow diagram. We targeted data on children collected
from the sixth survey (given at 5.5 years old) to the ninth survey (given at nine years
old). We calculated SD from questionnaire data obtained at 5.5 years old and enrolled
37,709 children in the study. Then, we extracted information about injuries from the seventh
to ninth surveys (children seven to nine years old). Children missing information about the
injury were excluded. By the ninth survey, 5665 children were lost to follow-up, leaving
32,044 children that were included in the analysis.




Figure 1. Flow diagram for the selection of participant children from birth to seven to nine years 
old. 
Table 1 shows the baseline characteristics of the participants, including children who 
were included in the analysis or lost to follow-up. 




(n = 32,044) 
Lost to Follow-Up  
(n = 5665) 
Sleep Duration, n (%)   
 6 h 1191 (3.7) 269 (4.7) 
 7 h 6773 (21.1) 1224 (21.6) 
 8 h 11,249 (35.1) 1926 (34.0) 
 9 h 7280 (22.7) 1182 (20.9) 
 10 or 11 h 2921 (9.1) 423 (7.5) 
 >12 h 52 (0.2) 10 (0.2) 
 Irregular  2578 (8.0) 631 (11.1) 
Gender, n (%)   
 Male 16,682 (52.1) 2911 (51.4) 
 Female 15,362 (47.9) 2754 (48.6) 
Term or preterm birth, n (%)   
 Term 30,515 (95.2) 5360 (94.6) 
 Preterm 1529 (4.8) 305 (5.4) 
Singleton or multiple birth, n (%)   
 Singleton 31,418 (98.0) 5532 (97.7) 
 Multiple 626 (2.0) 133 (2.3) 
Parity, n (%)   
 1 (no older siblings) 15,650 (48.8) 2707 (47.8) 
 2 11,883 (37.1) 2033 (35.9) 
 3 4511 (14.1) 925 (16.3) 
Daycare Attendance, n (%) *   
 Nursery 26,733 (83.4) 4450 (78.6) 
 Home 4944 (15.4) 961 (17.0) 
 Missing Data 367 (1.1) 254(4.5) 
Maternal Age at Delivery, n (%)   
 <25 (years old) 3029 (9.5) 934 (16.5) 
 25–30 12,153 (37.9) 2192 (38.7) 
 30–35 12,240 (38.2) 1853 (32.7) 
Figure 1. Flow diagram for the selection of participant children from birth to seven to nine years old.
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The flow diagram (Figure 1) reports data included in the analysis about injury in
32,044 participants; 6369 (19.9%: 6369/32,044) children were categorized as having had an
injury and 25,675 (80.1%: 25,675/32,044) were categorized as having had no injury.
Table 1 shows the baseline characteristics of the participants, including children who
were included in the analysis or lost to follow-up.






Sleep Duration, n (%)
6 h 1191 (3.7) 269 (4.7)
7 h 6773 (21.1) 1224 (21.6)
8 h 11,249 (35.1) 1926 (34.0)
9 h 7280 (22.7) 1182 (20.9)
10 or 11 h 2921 (9.1) 423 (7.5)
>12 h 52 (0.2) 10 (0.2)
Irregular 2578 (8.0) 631 (11.1)
Gender, n (%)
Male 16,682 (52.1) 2911 (51.4)
Female 15,362 (47.9) 2754 (48.6)
Term or preterm birth, n (%)
Term 30,515 (95.2) 5360 (94.6)
Preterm 1529 (4.8) 305 (5.4)
Singleton or multiple birth, n (%)
Singleton 31,418 (98.0) 5532 (97.7)
Multiple 626 (2.0) 133 (2.3)
Parity, n (%)
1 (no older siblings) 15,650 (48.8) 2707 (47.8)
2 11,883 (37.1) 2033 (35.9)
3 4511 (14.1) 925 (16.3)
Daycare Attendance, n (%) *
Nursery 26,733 (83.4) 4450 (78.6)
Home 4944 (15.4) 961 (17.0)
Missing Data 367 (1.1) 254(4.5)
Maternal Age at Delivery, n (%)
<25 (years old) 3029 (9.5) 934 (16.5)
25–30 12,153 (37.9) 2192 (38.7)
30–35 12,240 (38.2) 1853 (32.7)
>35 4622 (14.4) 686 (12.1)
Maternal Smoking, n (%)
None 27,753 (86.6) 4354 (76.9)
Yes 4163 (13.0) 1272 (22.5)
Missing Data 128 (0.4) 39 (0.7)
Maternal Education, n (%)
University or Higher 4873 (15.2) 551 (9.7)
Junior College 13,711 (42.8) 2051 (36.2)
High School or Other 12,975 (40.5) 2800 (49.4)
Missing Data 485 (1.5) 263 (4.6)
Family income at Seven Years Old, n (%)
<400 (million Yen) 4042 (12.6) 489 (8.6)
400–700 13,533 (42.2) 1145 (20.2)
700–1000 6768 (21.1) 434 (7.7)
>1000 3626 (11.3) 242 (4.3)
Missing Data 4075 (12.7) 3355 (59.2)






Residential Area, n (%)
Wards (Districts) 7088 (22.1) 1187 (21.0)
Cities 18,876 (58.9) 3355 (59.2)
Towns or Villages 6080 (19.0) 1123 (19.8)
Problematic Behavior, n (%) **
No 12,214 (38.1) 888 (15.7)
Yes 18,408 (57.4) 1556 (27.5)
Missing Data 1422 (4.4) 3221 (56.9)
* Obtained from the second survey (at 18 months of age). ** Obtained from the eighth survey (at eight years
of age).
Children missing information about their injury in the seventh to ninth surveys were
more likely to have short or irregular SD. Their mothers were relatively younger and were
more likely to be smokers and less educated, and they were more likely to be missing data
regarding income and problem behavior compared with children included in this analysis.
Then, we summarized the characteristics of children with data available about the
injury (Table 2).






Male 3907 (61.3) 12,775 (49.8)
Female 2462 (38.7) 12,900 (50.2)
Term or Preterm Birth, n (%)
Term 6036 (94.8) 24,479 (95.3)
Preterm 333 (5.2) 1196 (4.7)
Singleton or Multiple Birth, n (%)
Singleton 6271 (98.5) 25,147 (97.9)
Multiple 98 (1.5) 528 (2.1)
Parity, n (%)
1 (no older siblings) 3035 (47.7) 12,615 (49.1)
2 2466 (38.7) 9417 (36.7)
3 868 (13.6) 3643 (14.2)
Daycare Attendance, n (%) *
Nursery 5292 (83.1) 21,441 (83.5)
Home 1014 (15.9) 3930 (15.3)
Missing Data 63 (1.0) 304 (1.2)
Maternal Age at Delivery, n (%)
<25 (years old) 536 (8.4) 2493 (9.7)
25–30 2453 (38.5) 9700 (37.8)
30–35 2473 (38.8) 9767 (37.8)
>35 907 (14.2) 3715 (14.5)
Maternal Smoking, n (%)
None 5553 (87.2) 22,200 (86.5)
Yes 794 (12.5) 3369 (13.1)
Missing Data 22 (0.3) 106 (0.4)
Maternal Education, n (%)
University or Higher 1014 (15.9) 3859 (15.0)
Junior College 2871 (45.1) 10,840 (42.2)
High School or Other 2392 (37.6) 10,583 (41.2)
Missing Data 92 (1.4) 393 (1.5)






Family income at Seven Years Old, n (%)
<400 (million Yen) 750 (11.8) 3292 (12.8)
400–700 2731 (42.9) 10,802 (42.1)
700–1000 1418 (22.3) 5350 (20.8)
>1000 714 (11.2) 2912 (11.3)
Missing Data 756 (12.0) 3319 (12.9)
Residential Area, n (%)
Wards (Districts) 1490 (23.4) 5598 (21.8)
Cities 3745 (58.8) 15,131 (58.9)
Towns or Villages 1134 (17.8) 4946 (19.3)
* Obtained from the second survey (at 18 months of age).
We found no significant difference in characteristics between the injury group and the
no injury group, except that more boys were in the injury group.
3.2. Sleep Duration (SD) and Injury
The relationships between all SD categories and injuries in follow-up questionnaires
at seven to nine years old using univariable and multivariable logistic regression analysis
are shown in Table 3.
Table 3. Logistic regression analysis to investigate the relationship between sleep duration and
injuries at 5.5–9 years old.
Case/n (%) Crude OR (95% CI) Adjusted OR * (95% CI)
Sleep Duration
6 h 282/1191 (23.7) 1.39 (1.18–1.64) 1.40 (1.19–1.66)
7 h 1334/6773 (19.7) 1.10 (0.98–1.23) 1.10 (0.98–1.23)
8 h 2260/11,249 (20.1) 1.13 (1.01–1.25) 1.13 (1.02–1.26)
9 h 1388/7280 (19.1) 1.06 (0.94–1.18) 1.06 (0.95–1.19)
10 or 11 h 533/2921 (18.2) 1 (Reference) 1 (Reference)
>12 h 11/52 (21.2) 1.20 (0.61–2.35) 1.23 (0.62–2.41)
Irregular 561/2578 (21.8) 1.25 (1.09–1.42) 1.26 (1.10–1.43)
n, number of children; OR, odds ratio; CI, confidence interval; * Adjusted for gender, term or preterm birth,
singleton or multiple birth, parity, daycare attendance, maternal age at delivery, maternal smoking, maternal
education, income, and residential area.
Only 2921 (9.1%: 2921/32,044) children had the standard SD as recommended by the
MHLW (10 or 11 h). Of all the SD categories, the 8 h group was both the largest and had
the highest percentage of injuries (injury-case 35.4%: 2260/6369). We observed a strong
gradient in risk of visits to medical institutions according to shorter and irregular SD in
the crude model. Additionally, the same category of SD was associated with increased OR
for injuries in the adjusted model (6 h: aOR 1.40, 95% CI, 1.19–1.66, 7 h: aOR 1.10, 95% CI,
0.98–1.23, 8 h: aOR 1.13, 95% CI, 1.02–1.26, irregular: aOR 1.26, 95% CI 1.10–1.43). Further-
more, it was suggested that ORs tended to decrease as the amount of sleep approached
10 or 11 h.
3.3. Sleep Duration and Problematic Behavior (Stratified Analysis)
Association between SD and injury with or without problematic behavior at eight years
of age is shown in Table 4.
In the group with no problematic behavior (n = 12,214), shorter or irregular SD was
associated with injury during the period (6 hrs: aOR 1.39, 95% CI, 1.04–1.84, 7 h: aOR 1.25,
95% CI, 1.03–1.52, 8 h: aOR 1.20, 95% CI, 1.00–1.44, irregular: aOR 1.49, 95% CI, 1.18–1.87).
In the problem behavior group (n = 18,408), the same tendency was observed in the 6 hrs
and irregular SD groups (6 h: aOR 1.38, 95% CI, 1.12–1.71, irregular: aOR 1.20, 95% CI,
1.01–1.42).
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Table 4. Logistic regression analysis to investigate the relationship between sleep duration and injury stratified by presence
or absence of problematic behavior at eight years old.
No Problematic Behavior (n = 12,214) Problematic Behavior (n = 18,408)
Case/n (%) Adjusted OR * (95% CI) Case/n (%) Adjusted OR * (95% CI)
Sleep Duration
6 h 98/464 (20.0) 1.39 (1.04–1.84) 170/673 (25.3) 1.38 (1.12–1.71)
7 h 497/2640 (18.8) 1.25 (1.03–1.52) 778/3829 (20.3) 1.04 (0.90–1.21)
8 h 795/4383 (18.1) 1.20 (1.00–1.44) 1388/6417 (21.6) 1.14 (1.00–1.30)
9 h 443/2711 (16.3) 1.06 (0.87–1.29) 864/4226 (20.4) 1.06 (0.92–1.22)
10 or 11 h 171/1.087 (15.7) 1 (Reference) 330/1683 (19.6) 1 (Reference)
>12 h 5/23 (21.7) 1.63 (0.59–4.48) 6/26 (23.1) 1.18 (0.47–2.99)
Irregular 194/906 (21.4) 1.49 (1.18–1.87) 349/1554 (22.5) 1.20 (1.01–1.42)
n, number of children; OR, odds ratio; CI, confidence interval; * Adjusted for gender, term or preterm birth, singleton or multiple birth,
parity, daycare attendance, maternal age at delivery, maternal smoking, maternal education, income, and residential area.
4. Discussion
The present study demonstrates that shorter or irregular SD in early childhood was
closely associated with a higher risk of injury at school age using data from a nationwide
Japanese survey. This association did not change, even after we adjusted for an extensive
list of potential confounders in the stratified analysis. To our knowledge, this is the largest
study showing a clear longitudinal relationship between shorter or irregular SD in early
childhood and increased risk of injury during the primary school age years.
Previous longitudinal studies have highlighted the relationship between sleep quality
in early childhood and adverse events such as overweight/obesity, hypertension, and
behavioral problems at school age [7–9,22,23]. A strength of the present study is that it
used a large-scale, population-based, nationwide database. The survey collected data from
more than 50,000 births, 1/20th of the number of births in Japan in 2001. Our number of
study participants is larger than that of previous studies; thus, we learned about more
accurate trends among participants in Japan. In addition, our very high baseline response
rate strengthens the validity of our findings. The large sample size and response rate more
clearly shows the relationship between SD in early childhood and injury at early school age.
Some studies suggest that daytime functioning may be disturbed by even minor sleep
restrictions in children [24]. Meanwhile, a UK cohort study indicated that the effects of
not having regular bedtimes on adverse behavioral outcomes were reversible [25]. Based
on our study, we should emphasize the importance of appropriate sleep during young
childhood to parents and caregivers. Our results indicate that the whole living environment,
including appropriate sleep habits in early childhood, may have significant implications
for child health and public health.
We categorized SD at five years and six months, even though children change their
habits and sleep relatively less as they begin their school life. In addition, they have a wider
range of activities and are more likely to work alone, which increases the risk of injuries.
We had concerns regarding whether the amount of SD in early childhood really affects
the risk of injury at school age. However, in fact, cerebrums have generally developed,
sleep-awake patterns have been established, and naps may get shorter or stop in children
older than six years of age [19]. Additionally, Kelly et al. examined the relationship between
bedtime habits and school-age behavior at ages three, five, and seven years old. Their
results showed that irregular sleep habits in early childhood show an effect by school
age [25]. Comparison of findings from any nation-specific studies may be difficult, as all
have used varying age groups and included different survey questions with varying sleep
definitions. Our results were consistent with those from previous reports showing the
importance of regular bedtimes in infancy.
Some studies have reported that disrupted sleep is associated with a range of problem-
atic behavior during school age (attention-deficit/hyperactivity disorder and aggressive
behavior) [22,26]. Using the same database from the MHLW, Kobayashi et al. found that
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poor toddler-age sleep duration predicted behavioral problems during early school age
(at eight years old) [21]. Our stratified analysis showed that shorter or irregular sleep
schedules in early childhood were closely associated with an increased risk of injury at
school age after excluding the effects of problematic behavior at eight years old (Table 4).
It has been suggested that various biological rhythm factors are disturbed by irregular
lifestyles and late waking and bed times [27]. Therefore, we concluded that not only the
problem behavior, but also short or irregular SD may itself cause inattention and poor
concentration, which may increase the risk of seeking medical attention due to injury.
In general, it is important to establish confounding factors and conduct multivariate
analyses based on the premise of organizing relevant factors in multivariate analysis and
understanding their characteristics. The results of characteristics about children lost to
follow-up shown in Table 1 were easy for us to accept; those children were more likely
to have short or irregular SD, had more missing data regarding income and problem
behavior, and their mothers were relatively younger, smokers, and less educated compared
with children included in the study. Insufficient sleep might indicate a difficult family
environment, but we could not confirm this. In addition, the large number of children with
short or irregular SD in the excluded groups might underestimate the actual results.
Limitations
First, SD was calculated from the difference between the times of falling asleep and
waking and did not consider mid-wake or nap times. Moreover, the questionnaire sleep
schedules suggested “usual” schedules; therefore, we speculated that most families re-
ported data only on their children’s weekday sleep schedules. Subsequently, responses
may not reflect the exact duration of sleep in a day. Secondly, since there was only a “yes”
or “no” question regarding injuries, the location, type, extent, and severity of injuries were
not known. Third, SD was obtained only once at the age of 5.5. However, sleep habits
are established at this age; SD afterwards could be inferred. Problematic behavior was
reported only at the age of eight years old. Additionally, information regarding SD was
absent at the ages of seven, eight, or nine years old in the MHLW database. Finally, the
content of the MHLW database depended largely on the subjectivity and memory of the
parents answering the questionnaire each year.
Despite these limitations, the results of this study using a national survey are highly
significant because of the large sample size and the results after adjusting for a wide
variety of questionnaire items. In addition, it is difficult to adjust for the effects of various
confounding factors related to children’s injuries by identifying environmental factors
from interviews conducted in the time-limited emergency department. The only way to
show a causal relationship with the environmental factors of growth and development over
time is to conduct a longitudinal cohort study with long-term follow-up of the same and
multiple individuals. Our study overcomes these problems, and the results add objective
new findings to inspire future sleep research.
5. Conclusions
In the present study, we showed that insufficient or irregular sleep duration in early
childhood increases the risk of medical consultation due to injury during school age using
a Japanese national database. In addition, the same tendency was observed in children
with and without problematic behavior.
Author Contributions: Conceptualization, T.O., H.N., K.T., N.M. and T.Y.; methodology, T.O., H.N.,
K.T., N.M. and T.Y.; software, T.O., N.M. and T.Y.; validation, T.O., H.N., K.T., N.M. and T.Y.; formal
analysis, T.O., H.N., K.T., N.M. and T.Y.; investigation, T.O., H.N., K.T., N.M. and T.Y.; data curation,
N.M. and T.Y.; writing—original draft preparation, T.O., H.N. and K.T.; writing—review and editing,
N.M., H.Y., T.Y. and A.N.; visualization, T.O., H.N. and K.T. All authors made final approval of the
version to be published and agree to be accountable for all aspects of the work by ensuring that
questions related to the accuracy or integrity of any part of the work are appropriately investigated
and resolved. All authors have read and agreed to the published version of the manuscript.
Int. J. Environ. Res. Public Health 2021, 18, 9512 9 of 10
Funding: The authors received no financial support for the research, authorship, and/or publication
of this article.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by Ethics Committee of the Okayama University (K1506-073).
Informed Consent Statement: This is a study using a large database in which all personally identifi-
able information has been removed. Therefore, we determined that consent from each subject was
unnecessary. Approval from our institution’s ethical committee was obtained and informed consent
for each individual was waived.
Data Availability Statement: The data for the study were obtained from a large birth cohort study
conducted by the MHLW: Longitudinal Survey of Babies in the Twenty-first Century; the authors do
not have permission to share data.
Acknowledgments: We thank Christine Burr for editing the manuscript.
Conflicts of Interest: The authors declare no potential conflict of interest with respect to the research,
authorship, and/or publication of this article.
References
1. Chee, M.W.; Chuah, L.Y.; Venkatraman, V.; Chan, W.Y.; Philip, P.; Dinges, D.F. Functional imaging of working memory following
normal sleep and after 24 and 35 h of sleep deprivation: Correlations of fronto-parietal activation with performance. Neuroimage
2006, 31, 419–428. [CrossRef]
2. Touchette, E.; Côté, S.M.; Petit, D.; Liu, X.; Boivin, M.; Falissard, B.; Tremblay, R.E.; Montplaisir, J.Y. Short nighttime sleep-duration
and hyperactivity trajectories in early childhood. Pediatrics 2009, 124, e985–e993. [CrossRef]
3. Yoo, S.S.; Hu, P.T.; Gujar, N.; Jolesz, F.A.; Walker, M.P. A deficit in the ability to form new human memories without sleep. Nat.
Neurosci. 2007, 10, 385–392. [CrossRef]
4. Wang, G.; Grone, B.; Colas, D.; Appelbaum, L.; Mourrain, P. Synaptic plasticity in sleep: Learning, homeostasis and disease.
Trends Neurosci. 2011, 34, 452–463. [CrossRef]
5. Wolfson, A.R.; Carskadon, M.A. Sleep Schedules and Daytime Functioning in Adolescents. Child Dev. 1998, 69, 875–887.
[CrossRef]
6. Waldie, K.E.; Thompson, J.M.; Mia, Y.; Murphy, R.; Wall, C.; Mitchell, E.A. Risk factors for migraine and tension-type headache in
11 year old children. J. Headache Pain 2014, 15, 60. [CrossRef] [PubMed]
7. Chen, X.; Beydoun, M.A.; Wang, Y. Is sleep duration associated with childhood obesity? A systematic review and meta-analysis.
Obesity 2008, 16, 265–274. [CrossRef]
8. Lowry, R.; Eaton, D.K.; Foti, K.; McKnight-Eily, L.; Perry, G.; Galuska, D.A. Association of Sleep Duration with Obesity among US
High School Students. J. Obes. 2012, 2012, 476914. [CrossRef] [PubMed]
9. Sparano, S.; Lauria, F.; Ahrens, W.; Fraterman, A.; Thumann, B.; Iacoviello, L.; Marild, S.; Michels, N.; Molnar, D.; Moreno,
L.A.; et al. Sleep duration and blood pressure in children: Analysis of the pan-European IDEFICS cohort. J. Clin. Hypertens. 2019,
21, 572–578. [CrossRef] [PubMed]
10. Chaput, J.P.; Gray, C.E.; Poitras, V.J.; Carson, V.; Gruber, R.; Birken, C.S.; MacLean, J.E.; Aubert, S.; Sampson, M.; Tremblay, M.S.
Systematic review of the relationships between sleep duration and health indicators in the early years (0–4 years). BMC Public
Health 2017, 17, 855. [CrossRef] [PubMed]
11. Paruthi, S.; Brooks, L.J.; D’Ambrosio, C.; Hall, W.A.; Kotagal, S.; Lloyd, R.M.; Malow, B.A.; Maski, K.; Nichols, C.; Quan, S.F.; et al.
Consensus Statement of the American Academy of Sleep Medicine on the Recommended Amount of Sleep for Healthy Children:
Methodology and Discussion. J. Clin. Sleep Med. 2016, 12, 1549–1561. [CrossRef]
12. Owens, J. Insufficient sleep in adolescents and young adults: An update on causes and consequences. Pediatrics 2014, 134,
e921–e932. [CrossRef]
13. Koulouglioti, C.; Cole, R.; Kitzman, H. Inadequate sleep and unintentional injuries in young children. Public Health Nurs. 2008,
25, 106–114. [CrossRef] [PubMed]
14. Boto, L.R.; Crispim, J.N.; de Melo, I.S.; Juvandes, C.; Rodrigues, T.; Azeredo, P.; Ferreira, R. Sleep deprivation and accidental fall
risk in children. Sleep Med. 2012, 13, 88–95. [CrossRef]
15. Owens, J.A.; Fernando, S.; Mc Guinn, M. Sleep disturbance and injury risk in young children. Behav. Sleep Med. 2005, 3, 18–31.
[CrossRef] [PubMed]
16. Fujiwara, T.; Okuyama, M.; Takahashi, K. Paternal involvement in childcare and unintentional injury of young children: A
population-based cohort study in Japan. Int. J. Epidemiol. 2010, 39, 588–597. [CrossRef] [PubMed]
17. Kato, T.; Yorifuji, T.; Inoue, S.; Yamakawa, M.; Doi, H.; Kawachi, I. Associations of preterm births with child health and
development: Japanese population-based study. J. Pediatr. 2013, 163, 1578–1584.e1574. [CrossRef] [PubMed]
18. Yamakawa, M.; Yorifuji, T.; Inoue, S.; Kato, T.; Doi, H. Breastfeeding and obesity among schoolchildren: A nationwide longitudinal
survey in Japan. JAMA Pediatr. 2013, 167, 919–925. [CrossRef]
Int. J. Environ. Res. Public Health 2021, 18, 9512 10 of 10
19. Iglowstein, I.; Jenni, O.G.; Molinari, L.; Largo, R.H. Sleep duration from infancy to adolescence: Reference values and generational
trends. Pediatrics 2003, 111, 302–307. [CrossRef]
20. Anujuo, K.O.; Vrijkotte, T.G.; Stronks, K.; Jean-Louis, G.; Agyemang, C.O. Ethnic differences in sleep duration at 5 years, and its
relationship with overweight and blood pressure. Eur. J. Public Health 2016, 26, 1001–1006. [CrossRef] [PubMed]
21. Kobayashi, K.; Yorifuji, T.; Yamakawa, M.; Oka, M.; Inoue, S.; Yoshinaga, H.; Doi, H. Poor toddler-age sleep schedules predict
school-age behavioral disorders in a longitudinal survey. Brain Dev. 2015, 37, 572–578. [CrossRef]
22. Gregory, A.M.; O’Connor, T.G. Sleep problems in childhood: A longitudinal study of developmental change and association with
behavioral problems. J. Am. Acad. Child Adolesc. Psychiatry 2002, 41, 964–971. [CrossRef] [PubMed]
23. Touchette, E.; Petit, D.; Séguin, J.R.; Boivin, M.; Tremblay, R.E.; Montplaisir, J.Y. Associations between sleep duration patterns and
behavioral/cognitive functioning at school entry. Sleep 2007, 30, 1213–1219. [CrossRef] [PubMed]
24. Vriend, J.; Davidson, F.; Rusak, B.; Corkum, P. Emotional and Cognitive Impact of Sleep Restriction in Children. Sleep Med. Clin.
2015, 10, 107–115. [CrossRef] [PubMed]
25. Kelly, Y.; Kelly, J.; Sacker, A. Changes in bedtime schedules and behavioral difficulties in 7 year old children. Pediatrics 2013, 132,
e1184–e1193. [CrossRef] [PubMed]
26. Gregory, A.M.; Van der Ende, J.; Willis, T.A.; Verhulst, F.C. Parent-reported sleep problems during development and self-reported
anxiety/depression, attention problems, and aggressive behavior later in life. Arch. Pediatr. Adolesc. Med. 2008, 162, 330–335.
[CrossRef] [PubMed]
27. Kohyama, J. A newly proposed disease condition produced by light exposure during night: Asynchronization. Brain Dev. 2009,
31, 255–273. [CrossRef]
